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1

Introduction

1.1 Project Background

The Priority River 2011/2012 project seeks to improve the work that was done for the Priority Rivers
Flood Risk Reduction Project 2010. The Waihou River Model was found by the Northland Regional
Council to be in need of improvement in order to have confidence in the flood mapping for the river's
catchment.

It was identified that some critical areas needed a 2D treatment in the model for a more accurate
representation of the dynamic of the flow over some large flood plains. On the other hand, as Waihou
is one of the biggest catchment in the Northland Region, it was found that the SCS US method was
not able to represent the hydrograph of the catchment properly, characterized by long hydrograph
recession limbs that contain large volumes. As part of this modelling work, together with the modelling
improvement there was an analysis of the hydrological model and a non-linear method was used.

Additionally, as a qualitative analysis, a number of flood debris level points were compared against the
verification and design events.

Other than these modifications, the rest of the model stayed the same as the 2010 version, with the
same verification event, design events rainfall, rain profile and areal reduction factor.

1.2 Catchment Description

The Waihou River drains to the head of the Hokianga harbour as shown in Figure 1-1 . The Waihou
catchment consists of six main tributaries:

e Waihou River: Main river merging with the Hokianga harbour.

e Waipapa River: Coming from the north-east and discharging into the Waihou River.

o Whakanekeneke Stream:  Coming from the east and discharging into the Waihou River.

e Mangapa River: Coming from the north and discharging into the Waipapa River.

¢ Whakateterekia Stream: Upstream extension of the Mangapa River and start of the longest
catchment length.

e Kauriwhati Stream: Eastern catchment draining into the Waima River.

Topography

The Waihou River River catchment is approximately 279 square kilometres. The longest stream path
is approximately 42 km in length. The upper catchment is predominantly steeply sloped forested
terrain slopes of 20-40%. The stream gradients in the main upper tributary reaches are generally an
average of 0.5%. This suggests these streams are well stabilised. The smaller tributaries have steep
gradients before they join the main streams. The forested areas discharge to the Waihou River in the
lower catchment.

The lower 9 km of river is extremely flat with stream slopes of less than 0.4% and the predominant
land cover is grassland. The floodplain in this area is relatively wide at 1.5 km, for a Northland
catchment, but it gets narrower as it goes upstream.

42071138/R007/C 1
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Notable Features

State Highway 1 runs through the southern portion of the catchment, from Okaihau in the east, to
Rangiahua in the west. There are also some other notable features within the Waihou River
catchment, the most important are listed below:

¢ Cemetery located on both sides of Rahiri Road at the conjunction with Harris Road.

e The NRC GIS database contains records of archaeological and recorded cultural heritage sites
within the Waihou River catchment.

e Omahuta Forest and Puketi Forest occupy the northern portion of the catchment. Numerous
tracts of native bush are scattered throughout the catchment.

Figure 1-1 A general location plan of the Waihou catchment and tributaries
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1.3 General Modelling Approach

The present project work continues the modelling methodology explained in the NRC Priority Rivers
Modelling Report, Feb 2010. This modelling report is prepared as a supplementary report to the NRC
Priority Rivers Modelling Report, Feb 2010. GIS and integrated modelling are central to the modelling
methodology. This method provides a comprehensive model, more accurate outputs and the ability to
be continually upgraded.

1.4 Modelling Scope

This work package included the gathering of more information about recorded flood levels in the
Waihou catchment and/or expected levels where records are available, especially in the lower
catchment where levels seem to be underestimated. The modelling tasks include an analysis of
pertinent data and evaluation of the non-linear reservoir hydrological model. Some critical storage
areas were turned into 2D areas using a low resolution mesh.

No additional survey was included in this work.

Modelling Objectives

The general objective of the model improvement was to increase the accuracy of the model results in
comparison to known flooding and gauged flood events. The main objectives were as follows:

e Analysis of flood level data,

¢ Review the hydrologic model and use the non-linear reservoir model,
¢ Rerun the verification event of March 1988,

e Rerun the design storms for the new calibrated model, and

e Generation of new flood maps.

Issues identified during model improvement and calibration

e Additional storage areas required
e Adjustment of manning values required
e Redistribution of runoff from sub-catchments into critical areas required.

42071138/R007/C
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Data Collection and Data Analysis

2.1 Data Collection

NRC provided URS with a set of data to improve the model and to run the verification event of January
2011. The data received is listed and described below:

e Flood Levels for 2003

e Flow/Levels series March 2003 Waipapa River Forest Ranger
e Flowl/levels series Jan 2011 Waipapa River Forest Ranger

e DXF (flood model)

¢ Flood levels for Jan 2011

e Contours plan (pdf)

2.2 Data Processing and Analysis

2.2.1 Survey data process and other GIS tasks

As per the methodology, modelling tasks were assisted by GIS. Flood points were processed on GIS
before being imported into the IWRS model, and other calculations, such 2D break lines and sub-
catchments re-delineation, were also assisted by GIS.

2.2.2 Surveyed Debris Flood Levels

The results of this model were compared against flood levels available for Waihou catchment for the
events of March 2003 and January 2011 to provide a more holistic understanding and a
comprehensive analysis of the flood extents. Below is a general comparison of the 3 events:

e March 1988 rainfall was about 155mm in 24hours, which is close to a 2yr 24hr event. The
maximum tide level was about 2.35mOTP

e March 2003. No specific details are available for this event in the Waihou catchment.

e January 2011 rainfall is estimated to be between 150mm to 200mm with an approximate
duration of 16hours, which would place it close to a 10yr event. The tide level is not available
for this event in Waihou catchment.

As the verification event of 1988 seems smaller compared with the ones in 2003 and 2011, it is more
appropriate to compare the available debris flood levels with the 10yr 24hrs design event. These
results will be presented in Section 4.2 of this report.

2.2.3 Verification Event Analysis

The scope of this work included a re-run of the verification event. The verification event for the first
stage of Waihou catchment was the storm event of March 1988. However, the catchment only has one
level/flow gauge at Waipapa at Forest Ranger and that is located outside of the LIiDAR area.

This verification event was re-run for the new improved 2012 model with the changes that will be
explained in the Section 3 of this report.

42071138/R007/C
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2.2.4 Rainfall distribution for the Verification Event

The rain series for the verification storm of March 1988 were kept unchanged from the previous model
set up.

2.25 Flow/Level gauges analysis for Verification Event

There is only one flow/level gauge available at Waipapa at Forest Ranger. This Stage/Flow station is
located outside of the available LIDAR area. Due to this, all cross sections were assumed with a
trapezoidal shape based only in the 20m contours and aerial. Levels and slope are based also in the
20 m contours (as for the previous model set up). For that reason, levels in this area are not accurate
so are not considered for this validation. Never the less, since the model level results in this location
are available, they are shown alongside the other verification results.

6 42071138/R007/C
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3

Modelling Methodology

3.1 Previous IWRS Model Analysis

As part of the first stage of NRC Priority River Models a model of Waihou catchment was built and
validated. The previous model developed by URS is the starting point of this work.

In general the previous model was stable and well defined in many areas; however, a few critical
storage areas need to be turned into 2D with an appropriate resolution to improve the model results.

The following is a description and analysis of different features that were used to improve the model.

3.2 Storage areas into 2D Polygons

One storage area that was located in a large flood plain with strong slopes was turned into a 2D area,;
this was done to improve the description of the flood in that area. Break lines were added to enforce
the generation of a small resolution mesh along streams and channels present in this area. Figure 3-1
shows the details of the modification.

3.3 Flood Compartment

Flood compartments are necessary to interpolate model level results into a water surface and
generate the flood maps over the LIDAR ground model. Improvements in the flood compartments
were done in some areas for a better description of the flood maps. These improvements mainly cinist
of re-shaping of the flood compartment polygons to make sure they cover the flooded area and that
the interpolation features are taken from appropriate surrounding objects.

3.4 Hydrological Model

Part of the scope of this work was to re-run verification event for Waihou catchment with an alternative
and more suitable hydrological model. URS tested the use of a non-linear reservoir method for the
routing of the hydrological model instead the US SCS method used in the 2010 model.

The following sections provide a brief description of these methods and their relative advantages.

34.1 US SCS Method

The previous Waihou model used an US SCS unit hydrograph method as the hydrological model. A
CN value was to be derived for each sub-catchment based in the land-use. The main concern with the
use of the US SCS method for the Waihou catchment is that in general, the peak and volumes cannot
be calibrated simultaneously, as the unitary hydrograph is invariable. Another alternative is the Snyder
unit hydrograph which allows a better control of the peak and base time. From experience in NRC
models and other catchments in New Zealand we have found that the US SCS method is not
satisfactory and does not represent the hydrologic behavior of large urban catchments.

Further experience and analysis in NRC catchments, as well as other catchments, suggest that a
better and more versatile alternative is the use of the non-linear reservoir method to simulate the sub-
catchments runoff.

42071138/R007/C 7



Waihou Modelling Report

3 Modelling Methodology

Figure 3-1  Previous storage area and new 2D mesh
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3.4.2 Non-Linear Reservoir Method

The non-linear reservoir method consists of representing each sub-catchment as a reservoir with a
non-linear discharge. Two parameters are required to calibrate the shape of the hydrograph, K and p,
where K is the proportional coefficient and p is the exponential coefficient.

V() =K-Q(t)"

Where V is the storage volume in the reservoir, and Q(t) is the flow or runoff from the sub-catchment.

Then, the volume balance defines a differential equation to solve the function Q(t).

——=K-p-Q(t

dv e 9QM)
r ) T I(t)-Q(t)

The previous differential equation cannot be solved analytically unless p=1. This equation is solved
numerically by InfoWorks RS over each sub-catchment to obtain its respective runoff as a response to
a given rain series I(t) as intensity.

Parameter K can be estimated based on catchment features such as length, slope and land cover.
Those are available for all Waihou sub-catchments.

It is important to note that a non-linear reservoir method does not allow a good representation of the
initial losses and uses a constant infiltration rate. However, because the purpose of this modelling
work is to calibrate and model big storm events (over 10yrs), the initial losses are not critical as they
are consumed by the storm very shortly after the rain starts.

The key benefits of this method are its versatility representing a large range of hydrographs shapes,
and a better definition of the slow response for large sub-catchments.

3.4.3 Comparison of Hydrological Modelling Approaches

Figure 3-2 shows a comparison between the US SCS method (applied to calibrated peak and volumes
separately) and the non-linear reservoir method (to calibrate both peak and volumes). This example is
taken from another catchment in New Zealand (Whirinaki at Galatea station, Rangitaiki river
catchment, Bay of Plenty). The figure shows that the hydrograph generated from the non-linear
reservoir more closely matches the actual flow gauge records than either of the US SCS method
variants and hence the Non-Linear method was selected for use in this catchment.

42071138/R007/C
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Figure 3-2  Example of a flow gauge calibration using different hydrological models
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3.4.4 IWRS Non-Linear Reservoir parameter

Infoworks has a non-linear Reservoir hydrological model implemented as part of boundary conditions
alternatives. Volume parameters can be defined whether using a runoff coefficient or an infiltration rate
in mm/hr. Tests were done to assess their advantages and limitations.

The infiltration method was used as it offers a better description of the rain losses for big events, and it
showed partial advantages over the runoff coefficient method.

The hydrograph shape is controlled by the parameters K and p shown in the previous section. These
parameters will be estimated to shape the hydrograph to find the best match for volume, peak and tail
flows.

If required, the non-linear method can also allow the input of a base flow for each sub-catchment.

3.4.5 Constant Infiltration Rate

There is an important difference between the methodology used previously with the US SCS method
based on CN values, and the current approach with the infiltration rate with the non-linear reservoir
method. The CN value was previously defined for each sub-catchment based in local land use; the
current methodology has instead selected a unique infiltration rate to be applied over the whole
catchment. This infiltration rate was estimated based on the rainfall and flow records for the event of
January 2011.

10 42071138/R007/C
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3.4.6 Base flow and Infiltration Rate

There was limited information to estimate a reliable base flow to be estimated for each sub-catchment.
The only available information was from the Waipapa at Forest Ranger station records that show a
base flow of 0.693m3/s through this gauge before the rain started. This information was used to
estimate a base flow density that was calculated to be 0.057I/s/ha. This base flow rate was distributed
uniformly over the whole catchment to assign the base flow for the verification storm.

Infiltration at saturation conditions was found to be around 1mm/hr for the verification event. This
infiltration rate refers to the infiltration that happens under saturation conditions.

The base flow and infiltration rate will change for each scenario, and were chosen with care to ensure
a well-defined scenario considering different levels of soil moisture and the appropriate rain season.

42071138/R007/C
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35 Model Parameters

The verification event of March 1988 was re-run with the modified 2012 model of Waihou catchment
that included some extra 2D polygons, storage areas and a non-linear reservoir method for the
hydrological model.

Table 3-1 below summarizes the variables reviewed on the verification event:

Table 3-1 Verification parameters

Variable Value
HYDRAULIC MODEL
Manning
Main channels 0.030 - 0.065
Flood plains 0.050 - 0.07
2D polygons 0.050

HYDROLOGICAL MODEL
Non-Linear Reservoir

K= 5.0
p= 1.0
Infiltration Rate (mm/hr) 1.0
Base flow (lIts/s/ha) 0.057

3.6 Design Events

The design event was kept the same as from the previous 2010 version of the model, that is a 24 hour
storm with a Northland rain profile defined in the Hydrological Report of the Priority Rivers Project
2010. As a summary of the previous set-up, the design events simulated with the new 2012 Waihou
model have the following features:

1. The spatial distribution of the rain was applied using the Hirds V3 distribution. In the previous
mode this was applied as a factor between 0 and 1 over the US SCS hydrographs of each
sub-catchment. For the Non-Linear reservoir method used in the 2012 model, this factor was
applied directly over the rain series. The nominal rain depth adopted is the maximum that
corresponded to a factor of 1.0. For more details of this methodology refer to the NRC Priority
Rivers Modelling Report, Feb 2010.

2. No areal reduction factor (ARF=1.00) as agreed with NRC.

3. Two ARI events are simulated: 100yr plus climate change; and 10 year. Table 3-2 shows the
rain depths for the 24 hour duration storms.

12 42071138/R007/C
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Table 3-2

Rain Depths for 24 hour Storms

24 hrs Average

24 hrs max rain

24 hrs min rain

[24 hrs average

Design Storm rain depth depth depth rain depth] x ARF
(mm) (mm) (mm) (mm)
Distribution factor 0.901 1.000 0.744 -
ARF - - - 1.00
ARI 010 193.9 215.3 160.1 193.9497
ARI 100F 368.3 408.8 304.0 368.2897

4. The same rain pattern is used as in the previous NRC Priority Rivers work. For more details

refer to NRC Priority Rivers Modelling Report, Feb 2010.

5. The level boundary conditions are taken from the previous model as the 2yr tide level that is
applied over the 10yr design event. A surcharge of 0.5m is applied over the 100yr with the

climate change event to take into account the sea level rising.

As mentioned in Section 3.4.6 the base flow and infiltration rate will change for each scenario, and
they need to be chosen considering different level of soil moisture. For the design events scenarios it
was considered a null base flow and a constant infiltration rate of 1 mm/hr. A discussion of this and

other issues is provided in Section 5.

The new Waihou model was then run under these design events scenarios and flood maps produced.

Final flood maps are included in Appendix A.

42071138/R007/C
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Modelling Results

The verification results are shown below against their respective flow records. Additionally, the design
events are compared with the 155 flood points available for the events of March 2003 and January
2011. As explained in Section 2.2.2, these events registered intensities around the 10yr design event.

Results are compared against flows at Waipapa at Forest Ranger. Additionally, flood levels are
compared against flood levels measured for the storm of March 2003 and January 2011.

4.1 Verification Results

Following are results of the verification results against available records.

Waipapa at Forest Ranger

Figure 4-1 Recorded and modelled flows at Waipapa at Forest Ranger station

Verification - March/1988 - Forest Ranger (Waihou) - Flow
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Raw Data —— Model results

The model was calibrated to provide a good correlation in a saturated condition. In the graph the first
peak is overestimated as the infiltration rate is considered in saturation during the whole storm, where-
as in reality the first peak happened under high infiltration conditions. The second peak presents a
good correlation as it corresponds to saturation conditions after 24 hours of heavy rain.
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Figure 4-2  Modelled levels at Waipapa at Forest Ranger station (records with no known datum to

compare against and gauge outside of LiDAR data)
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4.2 Design Events Analysis

A qualitative comparison was done between the design events and the flood levels surveyed for the
events of March 2003 and January 2011. As it is explained in Section 2.2.2, these events present
intensities around the 10yr design event. This is shown in Figure 4-3 and Figure 4-4 below.

Figure 4-3  Flood extent against survey levels; lower catchment (middle part)

42071138/R007/C 17
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Figure 4-4  Flood extent against survey levels; lower catchment (upstream end)

A table with the debris points for the 10yr and 100yr with climate change is included in the Appendix B
of this report. Note that in many locations the LIDAR level is already higher than the survey level; this
makes it hard to judge the quality of the results.
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3

Discussion

Important improvements in the model performance, definition of hydraulic and hydrological features
allowed us to achieve better model outputs as compared with the 2010 model.

The model was verified for the event of March 1988, however only one flow gauge was available with
data at Waipapa, Forest Ranger which is located outside of the LIDAR area, in the upper catchment.
This location then was used to verify the hydrological model as level records do not have a reliable
datum. The performance of the model in terms of flood level was then compared against the surveyed
debris levels for the storms of 2003 and 2011. These storms were close to a 10yr event so the survey
levels were compared against the design event instead of the verification event which was closer to a
2yr storm event. The flood levels look generally aceptable in the critical areas, even though there are
many points with a questionable datum or plan location.

Regarding the hydrological model, critical and sensitive variables are the base flow and infiltration
rate. These variables have an intrinsic relation with the soil moisture. If soil moisture is high, then
infiltration rate will be low and base flow higher, and if the soil moisture is low, then infiltration rate will
be high and base flow low. All scenarios required a comprehensive hydrological analysis and
assumptions in order to estimate these variables properly.

It is important to note that the methodology applied in Waihou catchment was a non-linear reservoir
method which does not allow a good representation of the initial losses and uses a constant infiltration
rate. However, because the purpose of this modelling work is to calibrate and model big storm events
(over 10yrs), the initial losses are not critical as they are consumed by the storm very shortly after the
rain starts.

We encourage further analysis in terms of these parameters, creating relations between the variables
involved and volume balance from the historical records of level/flow gauges present on NRC
catchments, to estimate the effective rain and base flow under different conditions.

On the other hand, it is important to remember that Waihou catchment model is only a theoretical
model which has adopted many parameters based on limited data and comparative performance with
other catchments, such as base flow, infiltration, non-linear reservoir model coefficients, river
roughness and head losses.

Compared with other catchments in the Northland Region, the 1Imm/hrs infiltration rate used in this
work is very low and reflect uncertainties in the rainfall (probably an underestimation of the total rainfall
for that event). This very conservative infiltration rate of Imm/hr was then adopted for the simulation of
the 10yr and 100yr with climate change design events.

42071138/R007/C
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Limitations

URS New Zealand Limited (URS) has prepared this report in accordance with the usual care and
thoroughness of the consulting profession for the use of Northland Regional Council and only those
third parties who have been authorised in writing by URS to rely on this Report.

It is based on generally accepted practices and standards at the time it was prepared. No other
warranty, expressed or implied, is made as to the professional advice included in this Report.

It is prepared in accordance with the scope of work and for the purpose outlined in the contract dated
06/09/2011.

Where this Report indicates that information has been provided to URS by third parties, URS has
made no independent verification of this information except as expressly stated in the Report. URS
assumes no liability for any inaccuracies in or omissions to that information.

This Report was prepared between December 2011-May 2012 and is based on the conditions
encountered and information reviewed at the time of preparation. URS disclaims responsibility for any
changes that may have occurred after this time.

This Report should be read in full. No responsibility is accepted for use of any part of this report in any
other context or for any other purpose or by third parties. This Report does not purport to give legal
advice. Legal advice can only be given by qualified legal practitioners.

Except as required by law, no third party may use or rely on this Report unless otherwise agreed by
URS in writing. Where such agreement is provided, URS will provide a letter of reliance to the agreed
third party in the form required by URS.

To the extent permitted by law, URS expressly disclaims and excludes liability for any loss, damage,
cost or expenses suffered by any third party relating to or resulting from the use of, or reliance on, any
information contained in this Report. URS does not admit that any action, liability or claim may exist or
be available to any third party.

Except as specifically stated in this section, URS does not authorise the use of this Report by any third
party.

It is the responsibility of third parties to independently make inquiries or seek advice in relation to their
particular requirements and proposed use of the site.

Any estimates of potential costs which have been provided are presented as estimates only as at the
date of the Report. Any cost estimates that have been provided may therefore vary from actual costs
at the time of expenditure.
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